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(57) ABSTRACT 

An apparatus for evaluating a degree of hardness of an artery 
of a living subject, including a blood-flow stopping device 
which stops a flow of blood through a first portion of the 
subject, and a blood-amount detecting device which is 
adapted to be worn on a second portion of the subject that 
IS located on a downstream side of the first portion and 
which produces a blood-amount signal representii^ an 
amount of blood present in the second portion. 

6 Claims, 5 Drawing Sheets 



50 



32 



2X 



28 



^ STATIC-PRESSURE 
FILTER CIRCUIT 



PRESSURE 
CONTROL VALVE 




CUFF-PRESSURE 
CHANGING MEANS 



BLOOD-AMOUNT 
DETECTING DEVICE 



I 



ARTERIAL-HARDNESS 
DETERMINING MEANS 



52 



-C- 



48 



DISPLAY DEVICE 



10/31/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 1 of 5 US 6,589,183 B2 




10/31/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 sheet 2 of 5 us 6,589,183 B2 




10/31/2003, EAST Version: 1.4.1 



I 

* -1 * ' 

U.S. Patent Jul.8,2003 sheet 3 of 5 us 6,589,183 B2 



12 



CUFF 



32 



FIG. 3 



16 



A 



PRESSURE 
SENSOR 



18 



PRESSURE 
CONTRO L VALVE 

J 

50 



2x 



CUFF-PRESSURE 
CHANGING MEANS 



BLOOD-AMOUNT 
DETECTING DEVICE 



I 



28 



STATIC-PRESSURE 
FILTER CIRCUIT 




ARTERIAL-HARDNESS 
DETERMINING MEANS 



52 



48 



DISPLAY DEVICE 



10/31/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 sheet 4 of 5 us 6,589,183 



FIG. 4 

(mmHg) 




TIME(s) 



10/31/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 5 of 5 US 6,589,183 



SI 
82 



S4 
85 



87 
88 

89 r 



810 



FIG. 5 

C START ^ 
QUICK PRESSURE INCREASE STARTED 



BLOOD- AMOUNT SIGNAL 
SV READ AND STORED 




PRESSURE INCREASED STOPPED 



BLOOD- AMOUNT SIGNAL 
SV READ AND STORED 



PRESSURE-KEEP ^ no 



TIME Ti ELAPSED? 

YES 



CUFF PRESSURE Pc RELEASED 



UST PEAK Pe IDENTIFIED 



BLOOD- AMOUNT RELATIVE 
VALUE r DETERMINED 



RELATIVE VALUE r DISPLAYED 



C END ^ 



10/31/2003, EAST Version: 1.4.1 



us 6,51 

1 

ARTERIAL-HARDNESS EVALUATING 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for evalu- 
ating a degree of hardness of an artery of a living subject. 

2. Related Art Statement 

The technique of stopping a flow of blood through a 
portion of a patient for making a diagnosis has been used in 
only measuring a blood pressure of the patient using an 
inflatable cuff. When a blood pressure is measured using an 
inflatable cuff, first, the cuff is wound around a prescribed 
portion (e.g., an upper arm) of a patient and, after the flow 
of blood through that portion is stopped by the cuff inflated, 
the pressing pressure of the cuff is slowly decreased, so that 
the flow of blood is gradually increased, an oscillatory 
pressure wave occurring to the cuff is detected and, based on 
the thus detected pressure wave, the blood pressure is 
measured. Thus, the cuff-using blood-pressure measuring 
method does not utilize any physical signals that can be 
detected on a downstream side of the portion the flow of 
blood through which is stopped by the cuff. 

If the change of amount of blood is observed on the 
downstream side of the portion around which the cuff is 
wound, it is possible to And that the amount of blood 
decreases because of the stopping of flow of blood on the 
upstream side. The Inventor has found that the tendency of 
decreasing of the amount of blood is influenced by the 
degree of hardness of artery of the patient. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an apparatus which evaluates a degree of hardness of an 
artery of a living subject based on a tendency of decreasing 
of amount of blood because of stoppii^ of flow of blood. 

The above object has been achieved by the present 
invention. According to the present invention, there is pro- 
vided an apparatus for evaluating a degree of hardness of an 
artery of a living subject, comprising a blood-flow stopping 
device which stops a flow of blood through a first portion of 
the subject; and a blood-amount detecting device which is 
adapted to be worn on a second portion of the subject that 
is located on a downstream side of the first portion and 
which produces a blood-amount signal representing an 
amount of blood present in the second portion. 

According to this invention, when the flow of blood in the 
portion of the subject is stopped by the blood-flow stopping 
device, the magnitude of the blood-amount signal produced 
by the blood-amount detecting device worn on the down- 
stream side of the portion decreases. Since the mode of 
decreasing of the magnitude of the blood-amount signal 
changes with the degree of hardness of artery of the subject, 
the arterial hardness can be evaluated based on the blood- 
amount signal. 

Preferably, the evaluating apparatus further comprises an 
arterial-hardness determining means for determining the 
degree of hardness of artery of the subject based on a 
monotonously decreasing curve of the blood-amount signal 
produced by the blood-amount detecting device in a state in 
which the flow of blood through the first portion of the 
subject is stopped by the blood-flow stopping device. 

According to this feature, the arterial-hardness determin- 
ing means quantitatively determines the degree of hardness 
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of artery of the subject based on the blood-amount signal 
producad by the blood-amount detecting device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The above and optional objects, features, and advantages 
of the present invention will be better understood by reading 
the following detailed description of the preferred embodi- 
ments of the invention when considered in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a diagrammatic view for explaining a construc- 
tion of an arterial-hardness evaluating apparatus to which 
the present invention is appUed; 

FIG. 2 is a cross section of a blood-amount detecting 
device as part of the arterial-hardness evaluating apparatus 
of FIG. 1; 

FIG. 3 is a block diagram for explaining essential func- 
tions of a control device of the arterial-hardness evaluatif^ 
apparatus of FIG. I; 

2Q FIG. 4 is a graph showing, along a common time axis, a 
cuff pressure P^ which is increased by a cuff-pressure 
changing means shown in FIG. 3, a cuff pulse wave, i.e., an 
oscillatory component which occurs to a cuff at that time, 
and a blood-amount signal SV which is produced by the 

25 blood-amount deteaing device at that time; and 

FIG. 5 is a flow chart representing a control program 
according to which the control device shown in FIG. 1 is 
operated. 

DETAILED DESCRIPTION OF PREFERRED 
^° EMBODIMENTS 

Hereinafter, there wiU be described an embodiment of the 
present invention in detail by reference to the accompanying 
drawings. FIG. 1 shows a diagrammatic view for explaining 

35 a construction of an arterial-hardness evaluating apparatus 
10 to which the present invention is applied. 

In FIG. 1, the arterial-hardness evaluating apparatus 10 
includes a cuff 12 which has a belt-like cloth bag and a 
mbber bag accommodated in the cloth bag and which is 

40 adapted to be wound around, e.g., a right upper arm 12 of a 
patient as a living subject. The cuff 12 is connected to a 
pressure sensor 16, a pressure control valve 18, and an air 
pump 20 via a piping 22. The pressure control valve 18 is 
selectively placed in a pressure -supply p>osition in which the 

45 control valve 18 permits a pressurized air to be supplied 
from the air pump 20 to the cuff 12, a pressure-keep position 
in which the control valve 18 inhibits the pressurized air 
from being discharged from the cuff 12 and thereby keeps 
the air pressure in the cuff 12, and a quick-deflation position 

50 in which the control valve 18 permits the pressurized air to 
be quickly discharged from the cuff 12. When the cuff 12 is 
supplied with the pressurized air from the air pump 20 and 
the pressing pressure (i.e., air pressure) of the cuff 12 is 
increased up to a prescribed value, the cuff 12 stops flow of 

55 blood through the upper arm 14 around which the cuff 12 is 
wound. Thus, the cuff 12 and the air pump 20 cooperate with 
each other to provide a blood-flow stopping device. 

The pressure sensor 16 detects the air pressure in the cuff 
10, and supplies a pressure signal SP representing the 

60 detected pressure, to a control device 26 via an A/D (analog- 
to-digital) converter 24, and additionally to a static-pressure 
filter circuit 28. The static-pressure filter circuit 28 includes 
a low-pass filter and extracts, from the pressure signal SP, a 
static-pressure component contained in the signal SP, i.e., 

65 a cuff-pressure signal SK representing the static cuff pres- 
sure Pc- cuff-pressure signal SK is supplied to the 
control device 26 via an A/D converter 30. 
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Tbe evaluating apparatus 10 further includes a blood- 
amount detecting device 32 which is adapted to be worn on 
an end portion of a finger of the subject that is located on a 
downstream side of the upper arm 14 around which the cuff 
12 is wound, so that the detecting device 32 detects an 5 
amounl of blood present in peripheral blood vessels of the 
finger. The blood amount detecting device 32 has the same 
construction as that of a transmission-type pholoelectric- 
pulse-wave detecting device which is used to detect a 
photoelectric pulse wave of a living person. FIG. 2 shows a jq 
cross section of the detecting device 32, which includes a 
bousing 34 which can accommodate the end portion of the 
finger; a light emitting element 36, as a light source, which 
emits, toward a skin of the finger, a red or infrared light 
bavii^ a frequency in a frequency range that is reflected by 
hemoglobin, preferably, having a frequency (eg., 660 am) 
that is influenced by degree of blood oxygen saturation; and 
a light receiving element 38 which is supported by the 
bousing 34 such that the light receiving element 38 is 
opposed to the light emitting element 36, and which receives 20 
the light transmitted through the end portion of the finger 
and produces a blood-amount signal SV representing an 
amount of blood present in peripheral capillaries of tbe 
finger. The blood-amount signal SV produced by the blood- 
amoimt detecting device 32 is supplied to the control device 25 
26 via an A/D converter 40. 

The control device 26 is provided by a so-called micro- 
computer including a central processing unit (CPU) 42, a 
read only memory (ROM) 44, a random access memory 
(RAM) 46, and an input -and-output (I/O) port, ool shown. 30 
The CPU 42 processes signals according to the control 
programs pre-storcd in the ROM 44 by utilizing the 
temporary-storage function of the RAM 46, and supplies 
drive signals via the 1/0 port to respective drive circuits, not 
shown, associated with the pressure control valve 18 and the 35 
air pump 20 so as to change the pressure in the cuff 12 and 
determine a degree of hardness of an artery of the patient 
based on the blood-amount signal SV supplied from the 
blood-mount delecting device 32. In addition, the CPU 42 
operates a display device 48 to display the thus determined 40 
arterial hardness. Tbe display device 48 may include a 
cathode ray tube (CRT). 

FIG. 3 is a block diagram for explaining essential func- 
tions of the control device 26. In the figure, a cuff-pressure 
changing means 50 operates the pressure control valve 18 45 
and the air pump 20, recognizes the cuff' pressure P<~ based 
on the cuff-pressure signal SK supplied from tbe static- 
pressure fiUer circuit 28, quickly increases the cuff pressure 

up to a prescribed target pressure Pjj, (e.g., 180 mmHg) 
to stop the flow of blood through the upper arm 14 around 50 
which the cuff 12 is wound, and keeps the cuff pressure P^. 
for a prescribed pressure-keep time Tj. This time T, is 
experimentally determined, in advance, as a time needed to 
detect a blood-amount signal SV needed to determine a 
degree of hardness of an artery of tbe patient, described later. 55 

HG. 4 is a graph showing, along a common time axis, the 
cuff pressure P^. increased by the cuff-pressure changing 
means 50, a cuff pulse wave, i.e., an oscillatory component 
which occurs to the cuff 12 at that time, and the blood- 
amount signal SV produced by the blood-amount detecting 60 
device 32 at that time. As shown in FIG. 4, the cuff pulse 
wave gradually decreases as the cuff pressure P^ increases 
and, when the cuff pressure P^ reaches tbe target pressure 
Pj)/, the cuff pulse wave has already disappeared. That is, 
when the cuff pressure P^^ reaches the target pressure P^^,, tbe 65 
flow of blood through tbe upper arm 14 has been completely 
stopped. In addition, a peripheral-blood-amount curve rep- 
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reseated by the blood-amount signal SV produced by the 
blood-amount detecting device 32 increases and decreases 
corresponding to the increasing and decreasing of the cuff 
pulse wave, and graduaUy decreases as a whole, during an 
initial period of increasing of the cuff pressure P^- After the 
flow of blood through the upper arm 14 is completely 
stopped, the blood-amount signal SV monotonously 
decreases, indicating a decreasing curve Cj. 

An arterial-hardness determining means 52 determines a 
degree of hardaess of an artery of the patient based on the 
decreasing curve Cj of the blood*amount sigaal SV pro- 
duced by tbe blood-amouat detectiag device 32 in tbe state 
in which the flow of blood in tbe upper arm 14 is stopped by 
the cuff 12. In addition, the determining meaos 52 operates 
flic display device 48 to display the thus determined arterial 
hardness. The tendency of decreasing of the curve is 
influenced by the hardness of artery. If the arteries are hard, 
file decreasing curve C^ decreases down to a certain value in 
a relatively short time, as indicated at C^' and, if the arteries 
are flexible, the curve C, decreases down to a certain value 
in a relatively long time, as indicated at C/'. 

Therefore, the arterial-hardness determining means 52 
determines, as a degree of hardness of artery of the patient, 
a relative value (hereinafter, referred to as a blood-amount 
relative value r) of a magnitude of the blood-amount signal 
SV, i.e., the decreasing curve C^, detected a prescribed time 
(e.g., from 1 to 2 seconds) after a time of detection of a 
prescribed reference point of the signal SV, relative to 3 
magnitude of the reference point of the signal SV; a decreas- 
ing time t (sec) which is needed for the blood-amount si^al 
SV to decrease from the magnitude of the reference point by 
a prescribed proportion of the magnitude; or a time constant 
T (sec) of the curve Cj starting with the reference point. The 
reference point of the blood-amount detecting signal SV 
may be the last one P^- of successive peaks occurring to the 
blood-amount curve represented by the signal SV, or a point 
of the signal SV that corresponds to the time when the cuff 
pressure P^ reaches the target pressure P^, The relative 
value t may be a ratio of the first magnitude of the signal S V 
detected the prescribed time after the time of detection of the 
reference point of the signal SV, relative to the second 
magnitude of the reference point of the signal SV, a differ- 
ence value obtained by subtracting the first magnitude from 
the second magnitude, or a ratio of the difference value to the 
second magnitude. Otherwise, the arterial hardness may be 
determined as an evaluation value which is obtained from 
the blood-amount relative value r, the decreasing time t, or 
the time constant x according to a prescribed relalionship 
between evaluatioo value and parameter r, t, or x. 

The reason ^y the mode of decreasing of the curve Cj 
is influenced by the arterial hardness has not been fully 
elucidated. However, it can be speculated as follows: When 
a flow of blood through a portion of a living person is 
stopped, a flow of blood oa a dowostream side of that 
portion, however, is aot simultaneously stopped, and a small 
amount of blood flow remains because of the pressure 
difference between arteries and veias. If the arteries are 
normal, i.e., suGSciently soft, those vessels radially expand 
and contract, thereby keeping tbe arterial pressure to some 
extent. Thus, a considerably long time is needed for the 
pressure difference to decrease to zero. Therefore, in a 
peripheral portioa, e.g., an end portion of a fiager, a flow of 
blood slowly decreases because of the expansioa and con- 
traction of arteries located between tbe peripheral portioa 
and the portion the flow of blood through which is stopped. 
On the other band, if the arteries are hard, those vessels 
radially expand and contract, with difficulty, so that ia a 
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considerably short time duration, the pressure difference Ii emerges from the foregoing descripiion of the illus- 

between the arteries and the veins decreases down to zero trated embodiment that when the flow of blood in the upper 

and accordingly the flow of blood in the peripheral portion arm 14 is slopped by the cuff 12, the magnitude of the 

decreases in a considerably short lime duralion. blood-amount signal SV produced by the blood-amount 
Next, there wUl be described the operation of the control 5 detecting device 32 worn on the downstream side of the 

device 26. by reference to Ihe flow chart shown in FIG. 5. "PP*^"^ ^ti'' m'^'h cv 

The control routine represented by the flow chart is started ^'^^'^^^ f ^^"^^''ZT M^u. ItT^Z 't^^i 

. *^ , . ' ^ , . , degree of hardness of artery of the patient, the arterial 

when a start button, not shown, is operated by an operator. ^^^^^ ^ ^^^j^^^^^ ^^^^^ ^j,^ blood-amount signal 

e.g., medical staff. gy 

In FIG. 5. first, at Step SI (hereinafter, "Step" is omitted, ^° ,^ addition, in the Ulustrated embodiment, the arterial- 

if appropnate), the control device 26 switches the pressure hardness determining means 52 (S8 and 89) determines the 

control valve 18 to its pressure-supply position and operates arterial hardness based on the decreasing curve Cj of the 

the air pump 20, so that the cuff pressure ?c is quickly blood-amount signal SV produced by the blood-amount 

increased at a rate of 70 mmHg/sec. detecting device 32. Therefore, the arterial hardness can be 

Then, at S2, the control device 26 reads in a prescribed evaluated on a quantitative basis, 

number of data points of the blood -amount signal SV While the present invention has been described in its 

supphed from the blood-amount detecting device 32, and preferred embodiment by reference to the drawings, h is to 

stores the thus read data points of the signal SV in a be understood that the invention may otherwise be embod- 

prescribed memory area of the RAM 46. ied. 

At S3, the control device 26 judges whether the cuff For example, in the illustrated arterial-hardness evaluat- 

pressurc has reaches the prescribed target pressure Pj^, ing apparatus 10, the cuff 12 is adapted to be wound around 

i.e., 180 mmHg. Steps 82 and S3 are repeated until a positive the upper arm 14. However, it is possible to employ an 

judgment is made at S3, so that the quick inflation of the cuff inflatable cuff which is adapted to be wound around a wrist, 

12 is continued and the reading of data points of the a femur, or an ankle. 

blood-amount signal SV is continued. In addition, in the illustrated arterial-hardness evaluating 

Meanwhile, if a positive judgment is made at S3, the apparatus 10. the cuff 12 and the air pump 20 cooperate with 

control proceeds with S4 to slop the air pump 20 and switch each other to function as the blood-flow stopping device, 

the pressure conural valve 18 to its pressure-keep position, so However, the blood-flow stopping device may employ, in 

that the cuff pressure P^: is kept at the urget pressure Pj^. place of the cuff 12, a pressing device which is adapted to 

Then, at S5. the control device 26 reads m, like at S2. a worn on a prescribed portion of a living person, is 

prescribed number of data points of the blood-amount signal connected to the air pump 20, and presses a skin right above 

SV supplied from the blood-amount detecting device 32, and » prescribed artery (e.g.. a radial artery). Alternatively, the 

stores the thus read data points in another prescribed blood-flow stopping device may be one which includes a 
memory area of the RAM 46. S5 is followed by S6 to judge 35 band that is generally cylindricaUy curved so as to be wound 

whether the prescribed pressure-keep time T^, e.g., 2 around a prescribed portion of a living person, and a 

seconds, has elapsed after the pressure control valve 18 is wind-up device that winds up the band around the portion of 

switched to the pressure-keep position at S4. *e person with a prescribed force. 

If a negative judgment is made at S6, Steps S5 and S6 are Id addition, in the illustrated arterial -hardness evaluating 
repeated until a positive judgment is made at S6, so that the 40 apparatus 10, the transmission-type blood-amount detecting 

cuff pressure P^ is kept at the target pressure P^ and the device 32 is adapted to be worn on the end portion of finger 

reading of data points of the blood-amount signal SV is of patient. However, the blood-amount detecting device 

continued. Meanwhile, if a positive judgment is made at S6, may be provided by a reflection-type photoelectric-pulse- 

the control goes to S7 to switch the pressure control valve 18 wave detectmg device and, in this case, the detecung device 
to its quick-deflation position, so that the cuff pressure P^ is 45 may be adapted to be worn on the back or wrist of hand, 

quickly released. In the present flow chart. Steps SI, S3, S4, It is to be understood that the present invention may be 

S6, and S7 correspond to the cuff-pressure changing means embodied with other changes, improvements, and modifi- 

50. cations that may occur to a person skilled in the art without 

Then, the control goes to S8 and S9 corresponding to the departing from the spirit and scope of the invention defined 
arterial-hardness determining means 52. First, at S8, the 50 the appended claims, 

control device 26 identifies, on a blood-amount curve rep- What is claimed is: 

resented by the data points of the blood-amount signal SV 1- An apparatus for evaluating a degree of hanJness of an 

stored at S2 and S5, the last one of successive peaks or artery of a living subject, comprising: 

maximal points of the blood-amount curve, and determmes a blood-flow stopping device which stops a flow of blood 

a magm'tude of the identified last peak P^ as a magnimde of 55 through a first portion of the subject; 

a start point of the decreasing curve Cj of the blood-amount a blood-amount deieaing device which is adapted to be 

curve. Then, at S9, the control device 26 determines a worn on a second portion of the subject that is located 

magnitude of the blood-amount signal SV, i.e., the decreas- on a downstream side of the first pordon and which 

ing curve Ci, delected two seconds after a lime of detection produces a blood-amount signal representing an 

of the last peak determined at S8, and determines, as a 60 amount of bkiod present in the second portion; and 

degree of hardness of an artery of the patient, a blood- an arterial-hardness determining means for determining 

amount relative value r of the two-second-after magnitude of the degree of hardness of artery of the subject based on 

the curve Cj relative to the magnitude of the start point of a decreasing ciuve of the blood-amount signal pro- 

ihe curve Cy duced by the blood-amount detecting device in a state 

Finally, at SIO, the oonlrol device 26 operates the display 65 in which the flow of bk>od through the first portion of 

device 48 to display the blood-amount relative value r the subject is stopped by the blood-flow stopping 

determined at 89. device. 
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2. An apparatus according to claim 1, wherein the arterial- 
hardness determining means comprises means for determin- 
ing the degree of hardness of artery of the subject based on 
a change of magnitude of the decreasing curve of the 
blood-amount signal in a predetermined time duration. s 

3. An apparatus according to claim 1, wherein the arterial- 
hardness determining means comprises means for determin- 
ing the degree of hardness of artery of the subject based on 
a time duration needed for a predetermined amount of 
change of magnitude of the decreasing curve of the blood- lo 
amoimt signal. 

4. An apparatus according to claim 1, wherein the blood- 
flow stopping device comprises: 

an inflatable cuff which is adapted to be worn on the first 

portion of the subject; and 
a gas pump which supplies a pressurized gas to the cuff to 

press the first portion of the subject and thereby stop the 

flow of blood through the first portion. 
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5. An apparatus according to claim 1, wherein the blood- 
amount detecting device comprises: 

a light emitter which emits a light toward the second 

portion of the subject; and 

a light receiver which receives the light from the second 
portion and produces the blood-amouint signal repre- 
senting an amount of the light received from the second 
portion and thereby representing the amount of blood 
present in the second portion. 

6. An apparatus according to claim 1, further comprising 
a display device which displays the degree of hardness of 
artery determined by the arterial-hardness determining 
means. 

♦ ♦ ♦ * * 
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